Background: This study aimed to determine the correlation between blood uric acid and homocysteine levels, based on alcohol-related facial flushing. Methods: Among male adults who visited a health examination center of a university hospital located in Daejeon, Korea, for a personal health examination from March 2013 to February 2014, 702 subjects were analyzed including 401 subjects without alcohol-related facial flushing and 301 with facial flushing. Pearson's correlation and stepwise multivariate linear regression analyses were performed between the log homocysteine levels and other variables including uric acid. Results: Uric acid showed a significant positive correlation with log homocysteine (γ =0.166, P=0.001) (ß=0.176; P=0.001) in the non-flushing group. In contrast, none of the variables showed any significant correlations with log homocysteine in the flushing group. Conclusions: Alcohol users not exhibiting alcohol-related facial flushing showed a positive correlation between uric acid and homocysteine levels, whereas those without facial flushing showed no such correlation. Korean J Health Promot 2015;15(3):91-97
INTRODUCTION
Previously, a high plasma uric acid level was considered a cause of gout induced by an inflammatory reaction, since uric acid crystals are deposited in the joint capsule.
However, following reports that various forms of kidney diseases are also seen in patients with gout, the role of uric acid in organs other than the joints is being studied extensively. Multiple studies have suggested that uric acid is a significant factor involved in cardiovascular mortality, chronic kidney disease, metabolic syndrome, and hypertension; this has led to an expansion in the clinical definition of hyperuricemia. [1] [2] [3] [4] Factors related to blood uric acid level include race, dietary habit, body mass index (BMI), alcohol intake, renal function, and intake of medications containing diuretics. 5, 6) Homocysteine, a sulfur-containing amino acid, is a product of methionine (essential amino acid) metabolism. 7) Hyperhomocystinemia is related to an elevated risk in cardiovascular disease, and is an independent risk factor of atherosclerosis. 8, 9) The factors that affect the level of homocysteine include age, deficiencies in folic acid, vitamin B12
and vitamin B6 levels, nutritional variations, smoking, chronic renal failure, drugs, and presence/absence of menopause. 10, 11) Hyperuricemia and hyperhomocysteinemia are both believed to be risk factors for cardiovascular disease (CVD).
However, a relationship between these two substances has not been accurately reported to date. Prior studies investigating the relationship between blood uric acid and homocysteine levels have reported a direct correlation between uric acid and homocysteine. 12, 13) In contrast, other studies have claimed that no significant correlations were observed in the levels of homocysteine between patients with gout and the control group patients. 14, 15) Alcohol-related facial flushing is a common symptom observed in Asians indicating the expression of an inactive aldehyde dehydrogenase, which reduces the metabolism of acetaldehyde, elevating the levels of acetaldehyde during alcohol metabolism. 16) It is known that this symptom is not only related to alcohol metabolism but also to metabolic reactions and diseases; 17, 18) therefore, this symptom should be considered in studies targeting the Asian population.
However, previous studies have not investigated the effect of facial flushing on the correlation between blood uric acid and homocysteine levels. This study aimed to determine the correlation between blood uric acid and homocysteine levels, based on alcohol-related facial flushing (associated with metabolism reactions in the body). 
METHODS

Study subjects
Study methods
This is a retrospective study, which reviewed data obtained from a health examination center. Data related to age, disease history, current diseases, smoking status, medications, and alcohol use, were obtained from the participants through a self-administered questionnaire. In addition, BMI was calculated using the Quetelet Index, which used the height and weight data from body measurements. 19) Alcohol use was assessed by investigating the mean daily alcohol consumption and the number of drinks ingested per week in the past year. The amount of alcohol consumed per week was calculated by multiplying the mean daily alcohol consumption and number of drinks taken per week.
A standard drink is equal to 14 g of alcohol according to the guidelines recommended by the National Institute on Alcohol Abuse and Alcoholism. 20) The presence or absence of alcohol-related facial flushing was indicated by "always", "sometimes", or "never", using a self-administered questionnaire. Participants who answered "always" and "sometimes"
were classified into the alcohol-related facial flushing group, and participants who answered "never" were classified into the non-flushing group. This classification method, based on the study conducted by Yokoyama et al., 21) aimed to determine the inactive ALDH2 level and has a sensitivity and specificity of 96.1% and 79.0%, respectively.
Blood taken during the health examination was used to determine the triglyceride, total cholesterol, high density lip- 
Statistical analysis
The general characteristics, BMI, and blood test results 
RESULTS
General characteristics of the study subjects
The mean±standard deviation age of the patients was AST, ALT, r-GTP, and GFR levels between the two groups (Table 1) .
Correlations between serum log homocysteine and other parameters
Correlations between log homocysteine and other continuous variables were analyzed using Pearson's correlation Table 2) .
None of the variables in the flushing group, including blood uric acid levels, showed any correlation with log homocysteine.
The relationship between log homocysteine and the variables were analyzed using a stepwise multivariate linear regression test. Uric acid (ß=0.176; P=0.001), BMI (ß=-0.125; P=0.015) and total cholesterol (ß=0.100; P=0.047) exhibited significant correlations with log homocysteine in the nonflushing group. In contrast, none of the variables showed any significant correlations with log homocysteine in the flushing group.
Association between serum total homocysteine concentration and weekly alcohol consumption
We observed a difference in the amount of alcohol consumed per week between the non-flushing and flushing groups. Therefore, the changes in homocysteine levels related to drinks consumed per week were examined in the non-flushing and flushing groups. Both non-flushing and flushing groups showed no differences in log homocysteine based on the number of drinks consumed per week. In addition, we observed no differences in the groups with similar drinking quantities between the non-flushing and flushing groups (Table 3) .
DISCUSSION
This study aimed to reveal the relationship between uric acid and homocysteine based on the presence or absence of alcohol-related facial flushing. The results of this study revealed that alcohol uses not exhibiting alcohol-related facial flushing showed a positive correlation between uric acid and homocysteine levels, whereas those without facial flushing showed no such correlation. This suggests the possibility that alcohol-related facial flushing affects uric acid and homocysteine metabolism.
There have been several studies targeting normal people, which showed a positive correlation between blood homocysteine and uric acid levels. 12, 13) This study also found a correlation between uric acid and homocysteine levels in individuals not displaying alcohol-related facial flushing, which is consistent with the findings of previous studies.
Since Caucasians rarely display alcohol-related facial flushing, the non-facial flushing group in this study could show similar results. These correlations might be attributed to the metabolic syndrome. The results of previous studies-the metabolic syndrome was observed to be common among people with gout, 24) while other studies demonstrated a relationship between high homocysteine levels and metabolic syndrome.
25)
However, it is unclear if the blood uric acid and homocysteine levels were simultaneously increased by metabolic syndrome. In this study, homocysteine levels were not correlated with neutral fat and HDL-C; homocysteine in the non-flushing group exhibited a weak correlation with BMI and total cholesterol when analyzed by stepwise multivariate linear regression. In this study, the facial flushing group exhibited no correlation between homocysteine and uric acid levels. This result are consistent with those of the previous studies. 14, 15) It is possible that the relationship between homocysteine and uric acid levels is affected by alcohol-related facial flushing. This was because a majority of the previous studies was conducted in Asian countries, where the ratio of alcohol-related facial flushing is high.
In our subjects who did not express facial flushing, uric acid and homocysteine showed a positive correlation. The effect of simultaneous elevation of the homocysteine and uric acid levels on the body remains unclear. Hyperhomocysteinemia and hyperuricemia are believed to be risk factors for atherosclerosis and CVD. These two factors may cause redox stress or epithelial dysfunction in each track (or by a synergistic effect), resulting in the formation of atherosclerosis. 26, 27) On the other hand, although the role of uric acid in humans remains unclear, it is known to function as an antioxidant during the initial step of atherosclerosis. 28) In fact, a number of studies have shown a J-shape pattern relating uric acid and CVD. 29) It can be expected that the effect of uric acid on atherosclerosis development decreases owing to this antioxidant effect.
Acetaldehyde is not effectively processed in people with alcohol-related facial flushing, compared to those not showing facial flushing, because of the low activity of ALDH2. 16) When acetaldehyde is retained for a longer time in the body, it has a toxic effect on body metabolism. 17, 18) Homocysteine and uric acid metabolism is also affected by acetaldehyde, which increases the densities of these two compounds in the body. 30, 31) Therefore, it has been suggested that the correlation between homocysteine and uric acid levels was inhibited by acetaldehyde in the facial flushing group.
This study has some limitations. Firstly, despite previous study showing high specificity and sensitivity of the classification (based on the questionnaire) and some other studies often utilized this method, 16, 17) the non-flushing and flushing groups were classified according to the self-administered questionnaire. Secondly, this study is a cross-sectional study,
and not a prospective study. In addition, we did not check additional factors such as vit. B group or lipid lowering drugs, which might have influenced on the homocysteine levels between the non-flushing and flushing group. Future studies should be conducted on a large scale and include females and additional data.
In conclusion, the relationship between blood uric acid and homocysteine levels could be altered based on alcoholrelated facial flushing. Therefore, the results of this study suggest that alcohol-related facial flushing must be consid- 결론: 음주관련 안면홍조가 없는 음주자의 경우 혈중 요
